Location of the double-bond position of monounsaturated fatty acids of various bacteria was accomplished with combined gas chromatography-mass spectrometry analysis of dimethyl disulfide (DMDS) derivatives. The monoenoic fatty acids from whole cells were converted to methyl esters and then to DMDS adducts and analyzed by capillary gas chromatography-mass spectrometry. The mass spectra of DMDS adducts gave an easily recognizable molecular ion and two major diagnostic ions attributable to fragmentation between the two CH3S groups located at the original site of unsaturation. Twenty-one relatively novel monoenoic fatty acids were identified among the bacteria studied. All Flavobacterium species contained i17:1w8c, Bacilus alvei contained i16:1a11c and i17:112c, and Psychroacter immobilis contained 12:1w9c. Resolution of cis and trans isomers with capillary gas chromatography and subsequent mass spectrometry permitted positive identification of 16:1w7c and 16:1w7t in Arcobacter (Campylobacter) cryaerophuila and 16:19c and 16:1w9t in Aerococcus vaidans.
Since 1980, we have used fused silica capillary columns in our gas chromatography (GC) studies of the cellular fatty acid compositions of bacteria. With these columns, it is possible to separate most of the long-chain fatty acids (as methyl esters) known to occur in bacteria, including positional isomers of monounsaturated acids. As shown in earlier studies, closely related bacteria can often be distinguished by differences in their content of monounsaturated acids (2) (3) (4) (5) (6) (7) . By using combined GC-mass spectrometry (GC-MS) analysis of dimethyl disulfide (DMDS) derivatives to determine the position of the double bond, several additional monounsaturated fatty acids which are important chemical markers of specific bacteria have been identified and are described in this report.
Cells for fatty acid analysis were grown on heart infusion agar supplemented with 5% rabbit blood at 35°C for 24 to 48 h and were processed for total cellular fatty acids as described previously (4) . The resulting fatty acid methyl ester (FAME) sample was analyzed by GC and GC-MS and then treated with DMDS to convert unsaturated FAME to FAME-DMDS adducts (4) . GC separation of FAME and FAME-DMDS adducts was done with a fused silica crosslinked methyl silicone (OV-1) capillary column (0.2 mm [inside diameter] by 50 m) installed in a 5880 gas chromatograph (Hewlett-Packard, Co., Avondale, Pa.) equipped with a flame ionization detector operated under conditions described previously (4) . GC-MS analyses of FAME-DMDS adducts were done with a Dupont 491-B mass spectrometer interfaced with a Teknivent (Maryland Height, Mo.) data system. Separation was done with an OV-1 capillary column (0.53 mm [inside diameter] by 25 m), which was temperature programmed from 180 to 295°C at 6°C/min. The operating parameters of the MS were as follows: electron multiplier, 1,500 V; electron impact energy, 70 eV; source temperature, 2200C.
The treatment of unsaturated FAME with the DMDS * Corresponding author.
effected the addition of two CH3S groups at the original site of unsaturation ( Fig. 1 ). Mass spectra of the resulting FAME-DMDS derivative exhibited four diagnostic mass fragment peaks: the molecular ion (M+), the w fragment (the aliphatic end of the molecule), the A fragment (the carboxyl end of the molecule), and the A-32 fragment (the loss of methanol from the A fragment) (Fig. 1 the base peak. Although the MS spectra clearly defined the location of the double bond, assignment of cis or trans geometry could not be done because the cis and trans isomers of each specific positional isomer gave essentially identical MS spectra. However, determination of cis and trans geometry was possible by using capillary GC, since the cis isomer eluted before the trans isomer on nonpolar (OV-1) capillary columns both as the FAME and FAME-DMDS derivative (5, 6). Thus, in those cases in which a reference standard of either the cis or trans isomers was available, the combined data from capillary GC and GC-MS clearly established the double-bond position and geometry. The identity, source, and diagnostic ion fragments from MS analysis of FAME-DMDS adducts of palmitoleic acid (16:1w7c) and 21 relatively uncommon fatty acids present in various bacteria are listed in Table 1 . These acids are listed in order of their elution as FAME from nonpolar-phase (OV-1) capillary columns. By using these high resolution columns, it was possible to obtain reproducible separation of both positional and geometrical isomers as illustrated with the seven straight-chain 16:1 acids listed in Table 1 Table 1 .
The presence of the individual acids listed in Table 1 or their combination with other cellular fatty acids provided chemical information for rapid identification of specific organisms. For example, all knownAfipia isolates contain 10% or more of Brl9:1w6, which is a useful chemical marker for this genus (1, 3) . The presence of 14:1w9c, 16:1h9t, and 10% or more of 16:1w9c indicatesAerococcus spp. (5) . All strains of Arcobacter (Campylobacter) cryaerophila contain 14: 17c and 10% or more of 16:1h7t, which distinguish this organism from all other bacteria (4). Only Legionella micdadei contains more than trace amounts of 15:1w6c and a17: 1X7, while all strains of eight species of Flavobacterium examined to date contain i17:18c. The other acids listed in Table 1 provide distinct chemical markers for the organisms listed as their source. Thus, the uncommon monounsaturated acids identified in this study are useful additional information for those laboratories which are using cellular fatty acid composition as an aid in microbial identification (8) .
